The effect of low oxygen concentration on the growth of 15 strains of Mycobacterium ulcerans was evaluated in the BACTEC system. Reduced oxygen tension enhanced the growth of M. ulcerans, suggesting that this organism has a preference for microaerobic environments. Application of this observation may improve rates of isolation of M. ulcerans in primary culture from clinical samples and promote isolation of the bacterium from environmental sources.
The effect of low oxygen concentration on the growth of 15 strains of Mycobacterium ulcerans was evaluated in the BACTEC system. Reduced oxygen tension enhanced the growth of M. ulcerans, suggesting that this organism has a preference for microaerobic environments. Application of this observation may improve rates of isolation of M. ulcerans in primary culture from clinical samples and promote isolation of the bacterium from environmental sources.
Isolation of Mycobacterium ulcerans, the etiologic agent of Buruli ulcer (BU), in primary culture remains difficult. Some factors contributing to this problem are inappropriate decontamination methods (10) , delay in setting up cultures, and a poor understanding of optimal growth requirements (12) . Diagnosis of BU is usually made clinically when lesions are advanced and the prognosis is poor. Furthermore, acid-fast bacilli are not always detectable in smears, with positivity rates ranging from 33 to 65% (2, 5, 7, 14) . Isolation of M. ulcerans in culture is the ultimate confirmatory test for diagnosis and is essential for drug susceptibility studies. Although antimycobacterial agents are presently ineffective in the treatment of advanced ulcerated lesions of BU, preulcerative nodular lesions and early, small ulcerations can be cured by antimicrobials (e.g., rifampin). The occurrence of metastatic disease from primary cutaneous lesions is now considered likely. Adjunct administration of oral antimycobacterials prior to surgical excision of lesions may control hematogenous dissemination and reduce severe sequelae, such as osteomyelitis and amputations (3, 6, 11) .
The bacteriology and specific growth requirements of M. ulcerans are poorly understood. We recently described the adverse effects of most decontamination methods currently in use (10) , particularly the harsh procedures used for heavily contaminated specimens. Other factors that might affect the isolation of M. ulcerans in primary culture remain unexplored.
Mycobacteria are generally considered to be aerobic; however, Wayne and Hayes recently reported that Mycobacterium tuberculosis can adapt to low oxygen concentrations (17) , and Realini et al. showed enhanced growth of Mycobacterium genavense under microaerophilic conditions (16) . Based on the rationale that low oxygen concentrations prevail in the necrotic lesions of BU and that recent observations indicate that environmental sources of M. ulcerans are most likely microaerobic (e.g., the subterranean depths of swamps), we evaluated the effects of different oxygen concentrations on the growth of M. ulcerans in the BACTEC system.
We studied 15 isolates of M. ulcerans (Table 1 ) from the collection of the Mycobacteriology Unit of the Institute of Tropical Medicine (ITM) in Antwerp, Belgium, including the type strain, ATCC 19423 (no. 5147); all strains were maintained on Löwenstein-Jensen slants. A loopful of bacteria from a fresh subculture was suspended in sterile saline in screw-cap tubes containing glass beads. The tubes were vortexed for 2 min and allowed to stand for 20 min, and the supernatants were adjusted to the opacity of a no. 1 McFarland tube.
BACTEC 12B vials (Becton Dickinson Microbiology Systems) used in this study were prepared by first flushing them with gas mixtures containing 10% CO 2 and either 21, 5, or 2.5% O 2 and a balance of N 2 .
The 15 strains of M. ulcerans were initially evaluated by inoculating 10 6 bacilli (0.1 ml) into vials in triplicate at two different oxygen concentrations: an aerobic (AE) mixture containing 21% O 2 and a low-oxygen (LO) mixture containing 2.5% O 2 . The vials were incubated at 33°C, and the growth index (GI) was measured at 1, 2, 3, and 4 weeks in a BACTEC 460 TB instrument (Becton Dickinson). In all instances, growth under LO conditions gave GI values higher than those under AE conditions. After 1 and 2 weeks of incubation, the median GI under LO conditions was 46.1 and 31.2% higher, respectively ( Fig. 1 ), but this difference decreased to 26.4% after 3 weeks, and no difference was seen after 4 weeks of incubation (data not shown). When evaluating the growth of M. ulcerans in terms of the proportion of strains reaching a GI of 999 under the two oxygen concentrations, we found that the percentage of strains reaching this value increased earlier under LO conditions, and at the end of the 4-week observation period it reached 93.3%, while under AE conditions only 66.6% of the strains achieved the maximum GI (Fig. 2) .
The influence of oxygen tension was studied in greater detail on three M. ulcerans isolates from the ITM collection (no. 5150, 9146, and 94-1317) and the type strain, ATCC 19423 (no. 5147). Bacterial suspensions were prepared as before and tested with an inoculum of 10 5 bacilli; GI measurements were made twice a week (Fig. 3) . (17) . There are few studies concerning the activity of antibiotics in vitro against M. ulcerans (11), and it is postulated that the unsuccessful application of some antibiotics in vivo results from poor penetration of the drugs into necrotic tissue (6) . Antimicrobial therapy of M. ulcerans infection based on the assumption that M. ulcerans in necrotic tissue is microaerophilic should be pursued. This preference of M. ulcerans for low oxygen concentrations should be considered in developing improved culture methods for the isolation of the bacterium in primary culture and in attempts to isolate the bacterium from the environment.
